All relevant data are within the paper and its Supporting Information files.

Introduction {#sec006}
============

In many countries, young women of reproductive age have been especially affected by the HIV epidemic \[[@pone.0164887.ref001]\], which have fostered research to better understand how HIV infection influences and shapes women´s fertility and reproductive and sexual decisions.

Several studies carried out mostly before, but also after the implementation of the AIDS Clinical Trials Group (ACTG) Protocol 076---a clinical trial which showed the efficacy and safety of AZT in reducing mother-to-child transmission (MTCT) \[[@pone.0164887.ref002]\]---showed divergent findings regarding reproductive outcomes among WLHIV. Higher abortion rates, a decline in fertility rates, and an increase in voluntary sterilization rates were observed by some studies \[[@pone.0164887.ref003]--[@pone.0164887.ref007]\]. However, others \[[@pone.0164887.ref008]--[@pone.0164887.ref010]\] observed no differences or smaller rates in the same outcomes.

The lack of clear evidence on how reproductive preferences and practices of women living with HIV differ from other women poses us a number of unanswered questions and different issues. The existence of laws allowing pregnancy interruption, attitudes from health professionals in relation to sterilization and abortion, access to contraceptive methods and health services as well as to HIV prevention and treatment are strong enough elements to shape women's reproductive decisions differently according to their position and interconnection within each society. In this sense, studies focusing in specific contexts still need to deepen the knowledge about HIV infection and the resulting reproductive practices and decision, as is the case of female sterilization.

Total fertility rate dropped rapidly in Brazil, falling from 6.28 children per woman in 1960 to 4.35 in 1980, 2.38 in 2000, and below the replacement level in 2010 \[[@pone.0164887.ref011]\]. The increased use of modern contraception is considered one of the main factors associated with this drop \[[@pone.0164887.ref012]--[@pone.0164887.ref013]\]. Female sterilization has become the focus of debates on reproductive rights in the past few decades due to an increased trend in its use, followed by a decrease after the passing of Law No. 9263---also known as the Family Planning Law. The law and the regulations for its implementation, issued in 1997 and 1999 by the Federal Government \[[@pone.0164887.ref014]\], legalized the practice of sterilization and established explicit guidelines for its use.

For the first time, the procedure was authorized to be funded by the Brazilian Public Health System (Sistema Único de Saúde---SUS). On one hand, men and women who are at least 25 years of age, or those who have at least two living children, became eligible to request the procedure. On the other hand, the law prohibited postpartum sterilizations as an attempt to reduce the number of cesarean sections for sterilization purposes. Exceptions are made in the case of an existing illness and for those to whom a second surgery, or additional exposure to anesthesia, would represent a major health risk. The law also required a minimum 60-day waiting period between the date the request is made and the actual surgery; in addition, participation in family planning education groups was encouraged.

Female sterilization rates fell among married and cohabiting women between 15--44 years of age, from 38.5% in 1996 to 25.9% in 2006, while vasectomies increased from 2.8 to 5.1% \[[@pone.0164887.ref015]--[@pone.0164887.ref016]\]. The prevalence of hormonal oral contraceptive experienced a small increase, from 23.1% to 27.4%, and the use of condoms increased significantly during the period, from 4.6 in 1996 to 13% in 2006. The use of other methods remained relatively stable, around 10%, and the non-use of contraception decreased from 22.1% in 1996 to 18.4% in 2006 \[[@pone.0164887.ref016]\].

The prevalence of female sterilization among the general population in Brazil varies widely according to region of the country. Women living in the North, Central-West and Northeast regions are 2.5 times more likely to be sterilized than those living in the Southeast and South regions \[[@pone.0164887.ref016]\]. Despite the legal impediments established by the law, female sterilization is still carried out in conjunction with caesarean section, which has remained the most prevalent childbirth method \[[@pone.0164887.ref017]\]. The procedure is more prevalent among women in older cohorts, with parity higher than two, with less schooling and among black women \[[@pone.0164887.ref013];[@pone.0164887.ref015]--[@pone.0164887.ref016]\]. Women with less schooling tend to be sterilized without having used another contraceptive method and without reaching the ideal number of children \[[@pone.0164887.ref016]\].

On the other hand, the rapid increase in the number of AIDS cases since the 1980s in Brazil and elsewhere raised a substantial change in sexual practices and brought the use of condoms to the center of the debate on STI prevention \[[@pone.0164887.ref018]--[@pone.0164887.ref019]\]. The HIV epidemic also affected reproductive practices and choices, especially among women living with HIV \[[@pone.0164887.ref020]--[@pone.0164887.ref022]\].

Brazil has approximately 280,000 officially documented cases of AIDS among women, the vast majority of whom are of reproductive age \[[@pone.0164887.ref023]\]. Antiretroviral therapy (ART) is widely available, and new cases of AIDS are decreasing rapidly among children under 1 year of age as a result of the prevention of mother-to-child transmission (PMTCT). The majority of WLHIV have low levels of education and income \[[@pone.0164887.ref023]--[@pone.0164887.ref024]\]. Additionally, studies have emphasized that women's vulnerability to HIV is directly associated with gender inequality, which reduces their power to negotiate condom use and other prevention practices with their partners \[[@pone.0164887.ref018]--[@pone.0164887.ref019]\]. Precarious access to family planning methods, lack of information about how to prevent pregnancy and lack of access to safe abortion complete the scenario in which WLHIV make their reproductive decisions and choices in Brazil \[[@pone.0164887.ref022];[@pone.0164887.ref025]--[@pone.0164887.ref028]\].

In Brazil, studies have suggested higher prevalence of sterilization among HIV-positive women compared to their HIV-negative or not HIV tested counterparts \[[@pone.0164887.ref029]--[@pone.0164887.ref030]\]. One of them also indicated women's selective access to sterilization depending on the health care professionals\' opinion on sterilization and their preconceptions concerning the reproductive rights of WLHIV \[[@pone.0164887.ref020]\]. Information regarding the factors associated with female sterilization among WLHIV in Brazil derived from only two studies. The procedure is more prevalent among women with parity higher than two \[[@pone.0164887.ref021];[@pone.0164887.ref030]\] or who had a child after HIV diagnosis or were sexually active after HIV diagnosis \[[@pone.0164887.ref021]\]. Its prevalence is similar among women with some level of education, and the great majority of women sterilized after HIV diagnosis had the procedure performed in postpartum at the time of caesarean section \[[@pone.0164887.ref021];[@pone.0164887.ref030]\].

Such evidence, however, generated by a small number of studies conducted in Brazil, mainly refers to the period prior to PMTCT and the Family Planning Law, or at most to the beginning of its implementation. To the best our knowledge, none of the studies have considered in their analysis the women's age at sterilization or have provided estimates of the probability of obtaining female sterilization separately for postpartum and interval sterilization.

In view of these gaps, the objective of this study is to evaluate the impact HIV infection may have in the access to female sterilization in Brazil, using a time-to-event analysis. Moreover, it compares the probability of obtaining female sterilization between WLHIV and WNLHIV, separately for postpartum and interval sterilization.

Materials and Methods {#sec007}
=====================

Data and study sample {#sec008}
---------------------

The primary data used for this analysis comes from a cross-sectional quantitative study based on a life course perspective \[[@pone.0164887.ref031]\], named the GENIH study. Its main goal was to investigate aspects of sexual and reproductive health of women living with HIV (WLHIV) and compare them with those of women not living with HIV--WNLHIV (women with HIV-seronegative results or unknown HIV status).

The study was conducted between February 2013 and April 2014 in the city of São Paulo, comparing two probabilistic samples of 975 WLHIV and 1,003 WNLHIV aged between 18 and 49, users of public health services. São Paulo is the largest city in Latin America (about 12 million inhabitants) and concentrates one third of the total accumulated cases of AIDS of Brazil.

Participants completed an in-person computer-based structured interview, which retrospectively investigates reproductive and sexual events and the timing of their occurrence.

Participants were selected using a multistage probability sample design of women's public health care service users (WNLHIV) and WLHIV users of specialized HIV health services in the city of São Paulo. The WLHIV sample included all 18 HIV public health services that comprise the health care reference network for people living with HIV in the city of São Paulo. This network accounts for 95% of the care provided to women living with HIV. These units constituted the strata and the sample of 1,000 women was distributed proportionally to the size of each health unit.

The WNLHIV sample was also selected using multistage probability sampling. The first stage comprised strata constituted by all five Departments of Health within the municipality of São Paulo and the sample of 1,000 women was distributed proportionally to the size of these regions. The second stage included 38 primary health care services selected with probability proportional to size, from a total of 442 services that comprise the basic health network within SUS (Sistema Único de Saúde) in the city of São Paulo. In each unit, women were randomly selected (systematic sampling) from the list of daily appointments. We oversampled the estimated number of interviews by 25% as a safety margin for possible losses or refusal. The refusal rates for participation in the study in both groups were about 26%.

In each health unit, the field team was comprised by one supervisor and two or three interviewers. All of them were women, hold a degree in health or social sciences, and received a 40-hour training course.

The qualifying women were invited by field supervisors to participate in the study. The objectives of the investigation and its procedures were explained, and those eligible and who agreed to participate in the study were directed to a private room where the informed consent was applied. After signing it, a social-behavioral electronic questionnaire was administered with the aid of a netbook. The electronic questionnaires were generated using the software QDS^TM^ (Questionnaire Development System, by New Research Company) and pretested.

Given the objectives of this study, the analysis was restricted to women with parity one and more (n = 1448), since sterilization among nulliparous women is extremely rare. WLHIV who were sterilized before diagnosis (n = 61) and those who were infected with HIV through vertical transmission (n = 14) were also excluded from the analysis. Women infected through vertical transmission are younger (younger than 24 years of age) and their sexual and reproductive trajectories have been shaped since the beginning by the presence of the HIV virus. This fact gives to their trajectories certain distinctive features that deserve specific analysis, which is not the objective of this study. The final sample analysis included 683 WNLHIV and 690 WLHIV.

Statistical analysis {#sec009}
--------------------

Information on female sterilization is used as the dependent variable, considering the age at sterilization. Women were directly asked if sterilization was performed at a time not related to childbirth (interval sterilization) or at delivery (postpartum sterilization): in conjunction with a caesarean section or immediately after childbirth. Therefore, it was also possible to separately analyze postpartum sterilization carried out during caesarean delivery, which is one of the contributions of this study.

Considering results from previous studies \[[@pone.0164887.ref015];[@pone.0164887.ref016];[@pone.0164887.ref030];[@pone.0164887.ref032]\], the following independent variables were used to analyze the prevalence and the risk of obtaining female sterilization among WLHIV and WNLHIV: schooling at the time of the interview (incomplete elementary school and lower, complete elementary school and higher), race/color (brown "parda", black "preta", white "branca"), and parity at last delivery (1--2, 3+).

For the purpose of this study, the event (female sterilization) was analyzed as follows:

First, we calculated for each group (WLHIV and WNLHIV) the frequency of female sterilization by parity, educational level, race/ethnicity and type of last delivery (cesarean section or vaginal). We also calculated the mean and median age at sterilization for both groups and the frequency of each sterilization procedure, interval or postpartum sterilization (in conjunction with a caesarean section or immediately after vaginal delivery).

Secondly, a series of models estimated the probability of being sterilized at certain age once HIV is diagnosed, compared to the risk of being sterilized at the same age in the absence of HIV diagnosis (WNLHIV), using a time-to-event analysis. As having more than two children increases the prevalence of female sterilization, both for WLHIV \[[@pone.0164887.ref021]\] and WNLHIV \[[@pone.0164887.ref016]\], the analyses were stratified by parity. For these analyses, we fitted multivariable-adjusted Cox models to calculate hazard ratios and 95% confidence intervals for undergoing the procedure. The hazard function assesses the risk at a particular moment that an individual, who has not yet done so, will experience the target event: female sterilization. The numerator of the hazard function represents the conditional probability that the event will occur in a specific interval given that it has not occurred before, and the denominator represents the interval width.

The data used to calculate the time (in years) of exposure to the risk of sterilization derived from information regarding the respondents' age at sterilization, at HIV diagnosis, and at the time of the interview. The time of exposure to the risk of sterilization is equal to the interval between age 15 (when all women in the sample had no children) and the age by the time of the interview (right censored data) or the age of the event (female sterilization). In cases where no sexual intercourse was reported in the 12 months preceding the interview, women who had not had female sterilization were right censured at the time of the last sexual intercourse, since they were no longer at risk of getting pregnant.

The results of four analyses are shown and refer to: 1) the overall risk of getting sterilized irrespectively of it being an interval or postpartum procedure. All observations in both samples were included in this model; 2) the risk of having an interval sterilization. Observations related to postpartum sterilization were excluded in this model; 3) the risk of having a postpartum sterilization--both through cesarean section or immediately after vaginal delivery. In this model, only WLHIV who gave birth after HIV diagnosis were considered; and 4) the risk of having an sterilization carried out in conjunction with a caesarean section. In this model, only women who gave birth through cesarean section were considered in both groups.

Each analysis consisted of two models that took into account the parity of women (stratification variable), their level of schooling at the time of the interview and race/color (controlling variables). After adjustment for each final model, we tested the proportional hazard assumption of all models. The regression tables show the exponential of coefficients, known as hazard ratios. A set of graphs illustrates the cumulative probabilities of being sterilized in each model.

Lastly, we explored information regarding the demand for female sterilization, which is addressed in terms of the desire to have it carried out in the past (unmet demand) as well as preferences as to when and how to undergo the procedure: whether immediately, without having to wait to give birth; at the next childbirth; or at another time, or none of the above. In order to compare unmet demand among WLHIV and WNLHIV, we carried out a binomial logistic regression adjusted by age and parity.

All analyses were conducted using SPSS 20.0 and STATA 14.0 and have taken into account the complex sampling design of the study. The project was approved by the Research Ethics Committee of the Centro de Referência e Treinamento em DST/AIDS de São Paulo (under N. 022/2011), as well as by the ethics committees of other institutions involved, as follows: Instituto de Infectologia do Emílio Ribas (under N. 11712112.6.0000.5375), Secretaria Municipal de Saúde de São Paulo (under N 0043/12) and Universidade Federal de São Paulo (under N. 11712112.6.0000.5375). All interviewees signed a written informed consent term and were advised that they could refuse to participate in the survey at any time.

Results {#sec010}
=======

Sociodemographic profile and sterilization situation {#sec011}
----------------------------------------------------

Among women with at least one child, 19.6% of WLHIV had ended their reproductive trajectory through sterilization after HIV diagnosis, compared to 16% of WNLHIV. Postpartum sterilization is the most frequent procedure used by both groups, but it is higher among WLHIV (16.5%) compared to WNLHIV (10.1%). The opposite is observed regarding interval sterilization, which is higher among WNLHIV (5.6%) compared to WLHIV (3.2%). ([Table 1](#pone.0164887.t001){ref-type="table"}).

10.1371/journal.pone.0164887.t001

###### Distribution of WLHIV and WNLHIV and proportion of sterilization by education, color/race, parity, type of delivery and age at sterilization.

São Paulo, 2013--2014.

![](pone.0164887.t001){#pone.0164887.t001g}

                                                                Group                                   
  ------------------------------------------------------- ----- ----------- ------- ----------- ------- -------
  **Total** [^**§**^](#t001fn002){ref-type="table-fn"}    690   ** **               683                  
      Sterilized [^£^](#t001fn003){ref-type="table-fn"}   131   19.6%       \-      112         16.0%   \-
      During a caesarean section                          97    15.4%       \-      65          9.2%    \-
      Immediately after vaginal delivery                  8     1.1%        \-      6           0.9%    \-
      Interval sterilization                              23    3.2%        \-      38          5.6%     
      Not sterilized                                      559   80.4%       \-      571         84.0%   \-
  Education                                                                                             
      Incomplete elementary and under                     389   56.1%       19.0%   360         52.7%   21.9%
      Complete elementary school                          301   43.9%       15.2%   323         47.3%   10.2%
  Color/Race                                                                                            
      White ("branca")                                    278   39.7%       16.8%   262         38.5%   14.5%
      Black ("preta")                                     126   19.2%       24.4%   64          9.4%    23.4%
      Brown ("parda")/others                              284   41.1%       15.2%   357         52.1%   16.5%
  Parity                                                                                                
      1--2                                                464   68.0%       10.1%   490         72.4%   8.8%
      3+                                                  226   32.0%       31.1%   193         27.6%   35.8%
  Type of delivery                                                                                      
      Caesarean                                           278   41.7%       38.8%   293         42.1%   24.9%
      Vaginal                                             99    13.5%       15.2%   389         57.9%   10.0%
      No delivery after HIV diagnosis                     310   44.8%       2.2%    na          na      na
  Age at sterilization, mean (median)                     131   31.1 (31)   112     28.5 (28)           

^μ^ Totals may differ due to missing answers

§Women with parity = 0 for both groups, or infected by vertical transmission were excluded from this analysis

£ among WNLHIV proportion refers only to women sterilized after HIV diagnosis.

Information on educational attainment indicates that slightly more than half of the sample in both groups had not completed elementary school, corresponding to the highest proportion of sterilization events (19.0% among WLHIV and 21.9% among WNLHIV). However, it is noteworthy that the proportion of sterilization among women with more schooling is higher among WLHIV compared to WNLHIV (15.2% versus 10.2%).

In terms of color/race, the minority of both samples is composed of black women, although among WLHIV this proportion is significantly higher (19.2% among WLHIV versus 9.4% among WNLHIV). The proportion of sterilization is higher among black women in both groups (23.4% among WLHIV versus 24.4% among WNLHIV) compared to white and brown (parda).

In terms of parity, the great majority of both groups have had one or two children (68% among WLHIV versus 72.4% among WNLHIV), corresponding to the lower proportion of sterilization procedures. It is noteworthy that this proportion is slightly higher among WLHIV, 10.1%, compared to 8.8% among WNLHIV, and the opposite occurs among women with three or more children (31.1% versus 35.8%, respectively).

Caesarean section at the last delivery was carried out by 42.1% of WNLHIV. Among WLHIV, 41.7% experienced caesarean sections and 44.8% had no delivery after HIV diagnosis. The percentage of sterilization among women who had caesarean deliveries is much higher than among women who had vaginal deliveries in both groups, but much higher among women living with HIV: 38.8%, compared to 24.9% among WNLHIV. The proportion of the event among those who did not give birth after the HIV diagnosis is extremely low, 2.2%. The mean age at sterilization is higher among WLHIV, 31.5 years, compared to 28.5 among WNLHIV.

Hazard models for female sterilization {#sec012}
--------------------------------------

The first hazard model includes all women with parity \>0 and indicates no significant differences in the risk of female sterilization between WLHIV and WNLHIV, both for those with parity 1--2 as well as 3 or more (HR = 0.88; p = 0.595 and HR = 0.94; p = 0.698, respectively) ([Table 2](#pone.0164887.t002){ref-type="table"}). Women who did not complete elementary school were two times more likely (p = 0.038) to have had female sterilization among those with lower parity. Black women with one or two children were almost three times more likely (p = 0.013) to have had the procedure among those with the same parity.

10.1371/journal.pone.0164887.t002

###### Hazard ratios for female sterilization by HIV status, education and color/race, and stratified by parity.

São Paulo, 2013--14.

![](pone.0164887.t002){#pone.0164887.t002g}

  Characteristic                                    HR (IC95%)                                                 
  ------------------------------------------------- ---------------------------------------------------------- -------------------
  Group                                                                                                        
      WLHIV                                         0.88 (0.54--1.43)                                          0.94 (0.69--1.29)
      WNLHIV (ref)                                  \-                                                         \-
  Education                                                                                                    
      Incomplete elementary school and lower        1.66 (1.05--2.64)[\*](#t002fn001){ref-type="table-fn"}     1.01 (0.68--1.48)
      Complete elementary school and higher (ref)   \-                                                         \-
  Color/Race                                                                                                   
      Brown ("parda")                               1.51 (0.93--2.45)                                          0.86 (0.60--1.25)
      Black ("preta")                               2.86 (1.49--5.46)[\*\*](#t002fn002){ref-type="table-fn"}   0.95 (0.57--1.58)
      White ("branca") (ref)                        \-                                                         \-

\* p\<0.05

\*\* p\<0.005; p\<0.000.

The cumulative probability of having had sterilization is much higher among women with three or more children in both groups and increases with age, until age 40, and then remains relatively stable ([Fig 1](#pone.0164887.g001){ref-type="fig"}).

![Cumulative probability of sterilization from models in [Table 2](#pone.0164887.t002){ref-type="table"} for women living and not living with HIV.\
São Paulo, 2013--14.](pone.0164887.g001){#pone.0164887.g001}

The second hazard model was estimated only for observations related to interval sterilization and suggests that the risk of female sterilization is 62% lower \[(0.38--1)\*100\] among WLHIV compared to WNLHIV with a parity of 3 or more (p = 0.011) and 56% lower among those with 1--2 children (p = 0.072), although the last association was only marginally significant ([Table 3](#pone.0164887.t003){ref-type="table"}).

10.1371/journal.pone.0164887.t003

###### Hazard ratios for interval sterilization by HIV status, education and color/race, and stratified by parity.

São Paulo, 2013--14.

![](pone.0164887.t003){#pone.0164887.t003g}

  Characteristics                                   HR (IC95%)                                               
  ------------------------------------------------- -------------------------------------------------------- --------------------------------------------------------
  Group                                                                                                      
      WLHIV                                         0.44 (0.18--1.08)                                        0.38 (0.18--0.80)[\*](#t003fn001){ref-type="table-fn"}
      WNLHIV (ref)                                  \-                                                       \-
  Education                                                                                                  
      Incomplete elementary school and lower        2.50 (1.05--5.94)[\*](#t003fn001){ref-type="table-fn"}   1.07 (0.48--2.39)
      Complete elementary school and higher (ref)   \-                                                       \-
  Color/Race                                                                                                 
      Brown ("parda)                                1.36 (0.56--3.35)                                        1.16 (0.49--2.74)
      Black ("preta")                               4.58 (1.39--15.1)[\*](#t003fn001){ref-type="table-fn"}   1.29 (0.49--3.38)
      White ("branca") (ref)                        \-                                                       \-

\* p\<0.05

\*\* p\<0.005; p\<0.0001.

Similar to the previous model, among women with one or two children, those who did not complete elementary school were 2.5 times more likely (p = 0.038) to be sterilized compared to those who completed elementary school. Black women were almost five times more likely (p = 0.013) to have had the procedure among those with the same parity.

[Fig 2](#pone.0164887.g002){ref-type="fig"} illustrates the cumulative probability of undergoing interval sterilization and indicates a lower probability than that estimated in the previous model, indicating that most sterilization happens at childbirth.

![Cumulative probability of interval sterilization from models in [Table 3](#pone.0164887.t003){ref-type="table"} for women living and not living with HIV.\
São Paulo, 2013--14.](pone.0164887.g002){#pone.0164887.g002}

The third hazard model was estimated only for observations related to postpartum sterilization--including those carried out during a caesarean section and performed immediately after vaginal delivery ([Table 4](#pone.0164887.t004){ref-type="table"}). The estimates indicate that WLHIV, in both parity-related groups, have a higher risk of being sterilized compared to WNLHIV. Similar to the previous two models, black women with lower parity were three times more likely (p = 0.006) to have had the procedure among those with the same parity, though schooling has not remained statistically significant.

10.1371/journal.pone.0164887.t004

###### Hazard ratios for postpartum sterilizations by HIV status, education and color/race, and stratified by parity.

São Paulo, 2013--14.

![](pone.0164887.t004){#pone.0164887.t004g}

  Characteristics                                   HR (IC95%)                                                 
  ------------------------------------------------- ---------------------------------------------------------- -------------------------
  Group                                                                                                        
      WLHIV                                         3.01 (1.64--5.51)\*\*\*                                    2.36 (1.52--3.66)\*\*\*
      WNLHIV (ref)                                  \-                                                         \-
  Education                                                                                                    
      Incomplete elementary school and lower        1.36 (0.72--2.54)                                          1.00 (0.60--1.69)
      Complete elementary school and higher (ref)   \-                                                         \-
  Color/Race                                                                                                   
      Brown ("parda")                               2.01 (0.94--4.28)                                          0.96 (0.57--1.60)
      Black ("preta")                               3.38 (1.42--8.05)[\*\*](#t004fn002){ref-type="table-fn"}   1.18 (0.58--2.42)
      White ("branca") (ref)                        \-                                                         \-

\* p\<0.05

\*\* p\<0.005; p\<0.0001.

The cumulative probability of having had a postpartum sterilization is much higher among women with three or more children regardless of HIV status, and increases with age ([Fig 3](#pone.0164887.g003){ref-type="fig"}).

![Cumulative probability of postpartum sterilization from the models in [Table 4](#pone.0164887.t004){ref-type="table"} for women living and not living with HIV.\
São Paulo, 2013--14.](pone.0164887.g003){#pone.0164887.g003}

The last model estimated the risk of undergoing a sterilization performed in conjunction with caesarean sections and indicates a higher risk among WLHIV (HR = 1.94; p = 0.012) compared to WNLHIV with lower parity ([Table 5](#pone.0164887.t005){ref-type="table"}). No difference was observed among women with three or more children. There was also no significant difference in having sterilization when considering race/color and education in both parity-related groups.

10.1371/journal.pone.0164887.t005

###### Hazard ratios for postpartum sterilization (performed during a caesarean section) by HIV status, education and color/race, and stratified by parity.

São Paulo, 2013--14.

![](pone.0164887.t005){#pone.0164887.t005g}

  Characteristics                                   HR (IC95%)                                               
  ------------------------------------------------- -------------------------------------------------------- -------------------
  Group                                                                                                      
      WLHIV                                         1.94 (1.16--3.27)[\*](#t005fn001){ref-type="table-fn"}   0.91 (0.6--1.38)
      WNLHIV (ref)                                  \-                                                       \-
  Education                                                                                                  
      Incomplete elementary school and lower        1.6 (0.94--2.72)                                         0.86 (0.53--1.4)
      Complete elementary school and higher (ref)   \-                                                       \-
  Color/Race                                                                                                 
      Brown ("parda")                               1.36 (0.73--2.53)                                        0.84 (0.53--1.33)
      Black ("preta")                               1.99 (0.93--4.24)                                        1.32 (0.7--2.47)
      White ("branca") (ref)                        \-                                                       \-

\* p\<0.05

\*\* p\<0.005; p\<0.0001.

Similar to the previous model, the cumulative probability of having had sterilization in conjunction with caesarean delivery is much higher among women with three or more children regardless of HIV status, and increases with age ([Fig 4](#pone.0164887.g004){ref-type="fig"}).

![Cumulative probability of postpartum sterilization (performed during a caesarean section) from models in [Table 5](#pone.0164887.t005){ref-type="table"} for women living and not living with HIV.\
São Paulo, 2013--14.](pone.0164887.g004){#pone.0164887.g004}

Unmet demand for female sterilization {#sec013}
-------------------------------------

About a quarter of WLHIV and WNLHIV have reported that they would like to have been sterilized previously, with no significant difference between groups ([Table 6](#pone.0164887.t006){ref-type="table"}). However, it is noteworthy that the proportion of unmet demand for sterilization is higher among younger WLHIV (AOR = 3.08; p = 0.0001) as compared to those aged 30 and over. No difference was observed among WNLHIV when considering age. Regarding parity, although the proportion of unmet demand for sterilization is higher among WNLHIV as well as WLHIV with three or more children compared to those with a lower parity, it is interesting to note that the proportion is significantly higher among those not living with HIV (AOR = 2.9; p = 0.000 versus AOR = 1.82; p = 0.018, respectively).

10.1371/journal.pone.0164887.t006

###### Proportion of unmet demand for sterilization among WLHIV and WNLHIV according to age and parity and weighted binomial logistic regression.

São Paulo, 2013--2014.

![](pone.0164887.t006){#pone.0164887.t006g}

                     Group                                                                                                    
  ------------------ --------- ----------- ------------------------------------------------------------ --------- ----------- -----------------------------------------------------------
  **Total**          **516**   **21.0%**   ** **                                                        **555**   **24.9%**   ** **
  Age at interview                                                                                                            
      \< = 29        58        39.9%       3.08 (1.67--5.67)[\*\*\*](#t006fn003){ref-type="table-fn"}   184       23.2%       1.11 (0.74--1.67)
      30+            458       18.5%       Ref                                                          371       25.8%       ref
  Parity                                                                                                                      
      1--2           399       18.9%       ref                                                          440       20.6%       ref
          3+         117       28.4%       1.82 (1.11--2.99)[\*](#t006fn001){ref-type="table-fn"}       115       42.1%       2.9 (1.69--4.97)[\*\*\*](#t006fn003){ref-type="table-fn"}

\* p\<0.05

\*\* p\<0.005

\*\*\*p\<0.0001.

Additionally, when asked about the best moment to be sterilized, the vast majority of women living with HIV (73.1%) clearly stated a desire for performing an interval sterilization, and as soon as possible ([Table 7](#pone.0164887.t007){ref-type="table"}).

10.1371/journal.pone.0164887.t007

###### Distribution of WLHIV and WNLHIV who want to be sterilized by preference regarding the moment to be sterilized.

São Paulo, 2013--2014.

![](pone.0164887.t007){#pone.0164887.t007g}

                                                                                  Group     
  ------------------------------------------------------------------------------- --------- ---------
  **Total**                                                                       **103**   **131**
  at the next childbirth                                                          11.6%     25.8%
  as soon as possible, without going through childbirth to obtain sterilization   73.1%     53.3%
  at another time, none of the above                                              15.3%     20.9%

Discussion {#sec014}
==========

Our study found no evidence of increased overall risk of sterilization among women living with HIV compared to those not living with HIV for women with lower and with higher parity. The prevalence of female sterilization performed after HIV diagnosis was similar to the observed among WNLHIV. The same conclusion was reached when the analysis took into account the time of exposure to the risk of sterilization and after adjusting for race/color and schooling level. However, significant differences regarding the risk of sterilization were observed depending on the timing and the type of sterilization procedure, as will be further discussed.

One previous study, conducted in 2003/04, identified evidence of a higher prevalence of female sterilization among women living with HIV compared to those not living with HIV \[[@pone.0164887.ref029]\]. However, this study only provided unadjusted prevalence of female sterilization carried out before and after HIV diagnosis, and more importantly, the results refers to a national convenience sample. These methodological and analytical differences make the comparison with our study very limited and difficult, since they could explain part of the divergent results.

Another possible explanation for the differences between the two findings would have been a decrease in the prevalence of sterilization among women living with HIV, similar to what was observed among the general female population in Brazil \[[@pone.0164887.ref016]\]. Several studies have argued whether part of this decline is due to a decrease in demand for sterilization or to the requirements imposed by the Family Planning Law between 1996 and 2000 to obtain the procedure \[[@pone.0164887.ref015];[@pone.0164887.ref033]\]. In the case of WLHIV, it is also possible to assume that this decrease contains an additional element: it may be related to the advent of ART and the success of the most effective antiretroviral regimens for prophylactic prevention of mother-to-child transmission \[[@pone.0164887.ref023]\].

The advent of ART has turned AIDS into a chronic disease, and has offered the possibility of longer and healthier lives for women living with HIV. Advances in HIV treatment and prevention technologies have changed the context within which women decide whether or not to have children, and has thus expanded the realm of options for HIV-positive individuals, and in doing so, may have contributed to the decrease in the use of irreversible methods such as tubal ligation. In Brazil, reliable and widened access to HIV treatment and prevention concurred with the implementation of the Family Planning Law from 1996 to 2000 \[[@pone.0164887.ref014]\]. Our study was conducted ten years after the previous study and, therefore, could better reflect the changes in these contexts.

Similar to other studies carried out in Brazil among the general female population \[[@pone.0164887.ref013];[@pone.0164887.ref016];[@pone.0164887.ref032]\] and among women living with HIV \[[@pone.0164887.ref021]\], our study found that the probability of being sterilized is much higher among women with three or more children, regardless of HIV status.

Having had a child after HIV diagnosis has been pointed out as the most important factor associated with female sterilization \[[@pone.0164887.ref021]\]. In line with these results, we found a small proportion of sterilization among WLHIV who did not give birth after HIV diagnosis and a much higher proportion of sterilization among those who gave birth after diagnosis.

Apart from these results, by analyzing postpartum sterilizations separately from interval procedures, we were able to capture a much more complex scenario regarding the association between HIV infection and female sterilization, and provide new evidences regarding this relationship. The proportion of interval sterilization is significantly lower compared to postpartum procedures for women living and not living with HIV, which are in line with conclusions obtained by other studies \[[@pone.0164887.ref013];[@pone.0164887.ref030];[@pone.0164887.ref033]\]. However, its proportion is even lower for WLHIV compared to those not living with HIV. Same results were obtained when the model took into account parity and the time of exposure to the risk of sterilization, and was adjusted for race/color and schooling level. WLHIV with lower and higher parity tend to have a lower risk of undergoing interval sterilization compared to those not living with HIV. These results apparently indicate additional barriers in the access to services offering interval sterilization for these women.

An opposite scenario is observed regarding postpartum sterilization. There is strong evidence that the probability of being sterilized postpartum is significantly higher among WLHIV who gave birth after HIV diagnosis compared to WNLHIV. A study conducted in São Paulo in 1999/2000 also observed differences in the proportion of postpartum sterilization among HIV-positive women aged 18--49 who had received prenatal care in public health services, compared with a second sample drawn from the general population of women aged 18--40 who received prenatal care in both public and private prenatal clinics \[[@pone.0164887.ref030]\].

One could argue that women are at a higher risk of undergoing postpartum sterilization because they are also more at risk of having a caesarean delivery due to HIV infection. In our sample, 74% of the WLHIV who gave birth after diagnosis had a caesarean in the last delivery, compared to 42% among WNLHIV. However, by conducting a modeling only for women who gave birth through caesarean section, the risk of sterilization remains higher among WLHIV with less than three children.

Our results clearly demonstrate that part of the difference observed in the risk of obtaining the sterilization is due to a higher prevalence of caesarean sections among WLHIV. However, it is also evident that cesarean sections are not the sole factor that increases the risk of tubal ligation. Apparently, the higher probability of obtaining the procedure in conjunction with a caesarean section among WLHIV with lower parity indicates that access to tubal ligation is facilitated for these women. The existence of a less restrictive interpretation of the Family Planning Law with regard to women living with HIV could be a hypothesis to explain this phenomenon. According to a previous study, HIV infection would be perceived as a valid exemption from the prohibition on postpartum procedures by health care services and medical doctors \[[@pone.0164887.ref030]\].

The fact that we found no higher risk of being sterilized in conjunction with cesarean sections among WLHIV with three or more children deserves further discussion. One hypothesis is that sterilization and high parity are so intimately correlated that this procedure would be carried out either way among those women, regardless of their HIV status.

As for the association between color/race, education and sterilization, our study adds further aspects to the current discussion on that matter. By conducting an analysis stratified by parity, our findings suggest that color/race and years of schooling are not good predictors of the risk of female sterilization for women with higher parity for WLHIV as well as for WNLHIV. Black and less educated women have higher chances of being sterilized only among those with lower parity, in accordance to what was suggested among the general female population in 2006 \[[@pone.0164887.ref016]\]. The authors observed much higher proportion of sterilized women with less than two children or without reaching the ideal number of children among those with less education.

A study carried out among WLHIV in the Northeast region of Brazil in 2004 observed no evidence of association between female sterilization performed after HIV diagnosis and women´s educational attainment. However, as the model was adjusted for parity, we do not know the effects of race/color and education for different parity levels \[[@pone.0164887.ref021]\]

The discussion of whether color/race and education are good predictors for female sterilization in Brazil is far from over. The findings are very controversial and highly dependent on the period of time analyzed, the region of the country, the statistical analysis used and whether the outcome is related to interval or postpartum sterilization, or both \[[@pone.0164887.ref013];[@pone.0164887.ref016];[@pone.0164887.ref033]\].

In our study, when models analyze separately the moment of the procedure, the only remaining effect of education and color/race was observed for interval sterilization; being black and having lower level of educational attainment increases the probability of performing an interval sterilization among women with lower parity. On the other hand, no association was observed regarding sterilization performed in conjunction with caesarean section. A recent study, analyzing the risk of female sterilization among women who had experienced live births between 2001--2007, found that higher chances of being sterilized among black women are specific to interval sterilization in public hospitals \[[@pone.0164887.ref013]\]. Although our study does not provide information related to the health facilities where the delivery took place, black and lower schooling women usually have their births at public hospitals, due to financial restrictions.

The dramatic difference in access to postpartum and interval sterilization seems to be both unfair and very problematic to women in general, particularly to those living with HIV. There is a significant and similar unmet demand for sterilization in both groups; however, WLHIV want to have it done at a younger age and are much less willing to wait for the next childbirth or have another child in order to have access to sterilization: 73% would like to have it done as soon as possible. Nonetheless, WLHIV appear to be less likely to get interval sterilization than those not living with HIV. In our study, the lack of incentive to obtain tubal ligation on the part of health professionals was surprisingly higher in the group of WLHIV, 48% *versus* 27% among WNLHIV, which could hinder access to the procedure after childbirth.

In contrast to what occurs with sterilization carried out in conjunction with a cesarean section---for which there are several shortcuts that allow the bypassing of the Family Planning Law and which can be achieved through a direct agreement between the woman and the obstetrician in charge of the childbirth \[[@pone.0164887.ref020]\] -, having an interval sterilization within the public health care system depends on a referral from health services and professionals.

The great resistance to the promotion of dual protection, using both effective contraception and condoms, is part of the health care service scenario in which women living with HIV made their reproductive choices. This resistance makes it harder to obtain a referral for tubal ligation, which some women eventually undergo at the time of delivery after making a direct arrangement with the doctor. Health professionals are concerned that the use of other contraceptives will eventually cause the non-use or inconsistent use of condoms \[[@pone.0164887.ref018]\].

The occurrence of 70% of unintended pregnancies after HIV diagnosis observed in our study, questions the predominance of the use of condoms as the main contraceptive method, referred to as such by 69.8% of all sexually active WLHIV.

Some limitations of our study should be mentioned. First, we interviewed women in both groups who are users of public health care services. We do not have information regarding the reproductive choices of those who received care exclusively from private or insured health services. A previous study among the general female population suggests an increased access to postpartum sterilization when it is performed in conjunction with a caesarean section and when the childbirth occurs at private hospitals \[[@pone.0164887.ref013]\]. In our study, 25% of WNLHIV have had the procedure performed at private hospitals and only 10% of the sterilizations performed after HIV diagnosis were conducted at private hospitals. However, as the study does not provide information regarding the health facilities where the childbirths took place, it was not possible to assess the influence of the place of delivery in the risk of female sterilization. Another limitation is the small number of observations regarding interval sterilization among women with lower parity, which may lead to a diminished statistical power to detect significance differences between the two groups.

Despite this limitation, our study provides some important clues about how HIV infection and other factors may jointly influence women´s access to sterilization. At the same time, many questions remain, pointing to the need for further studies on the relationship between HIV infection and reproductive outcomes in other regions of Brazil and elsewhere.

Final Remarks {#sec015}
=============

In contrast to earlier studies, our analysis was able to estimate the risk of women getting sterilized after HIV diagnosis compared to those not infected with HIV. Moreover, by estimating separately the risk associated with interval and postpartum sterilization, we found that WLHIV have lower probability of undergoing interval sterilization but higher of undergoing postpartum sterilization compared to WNLHIV. It was also possible to demonstrate that the existence of an increased risk of postpartum sterilization for WLHIV cannot be credited exclusively to a higher prevalence of caesarean delivery in this group. Lastly, the results suggest that the impact HIV infection may have in the access to female sterilization during a caesarean section varies according to parity. Only WLHIV with one to two children have a higher probability of obtaining a procedure in conjunction with a caesarean in comparison to WNLHIV with the same parity.

There is no doubt that caesarean sections represent a major shortcut to having tubal ligation, which therefore raises some questions. The first question addresses the possibility of interpreting the highest probability of access to postpartum sterilization as a result of certain \"facilitation\" by health professionals in order to broaden access to the procedure for WLHIV.

On the one hand, it is questionable to what extent this "facilitation" would be an expression of a hidden prejudice (but still effective) in relation to WLHIV's right to have (more) children. On the other hand, it could mean a greater solidarity of health professionals with women, who under the risks and uncertainties posed by their HIV status, could access the control of their reproductive capacity. In both cases, it reflects the possibility of making the laws more flexible by reinterpreting them; processes that are carried out at the institutional level by the agents involved in everyday health care.

However, a list of other issues is necessarily open to discussion. For example, this \"shortcut\" could again drive women into the position of interpersonal negotiations. In terms of reproductive health politics, this means that the process of being sterilized is no longer situated within the boundaries of the regulatory level and, it turns out to be mostly (again) a matter of "bargaining" between the woman and the health professional. This is exactly the existing situation before the Family Planning Law, and one of the reasons that led it to be approved.

The attempt of dissociating sterilization from caesarian section has not yet succeeded among the general female population, even twenty years after the approval of the family planning law, as shown by recent studies \[[@pone.0164887.ref013];[@pone.0164887.ref015];[@pone.0164887.ref017]\]. In this sense, our study adds further challenges to both national and local health authorities. Specific hurdles within HIV specialized health care services which limit access to interval sterilization must also be identified and addressed. At the same time, it is vital to review the legal restriction of postpartum sterilization in cases where an obstetrical indication of surgical delivery exists and women have passed through the legal process to decide and require a sterilization. Obstetrical indication of surgical delivery is particularly frequent among women living with HIV, therefore the revision of this restriction would avoid unnecessary risk of another surgical procedure to perform a sterilization.

Another key point is the urgent need to increase information and access to a wider range of contraceptive methods for WLHIV. Health policy makers at local and national levels should actively promote dual method protection strategies to target women living with HIV and also health professionals in order to overcome the barriers to effective contraception. Moreover, since condom use may decrease in the future in the context of the preventive effect of ART, promoting dual methods will expand the choices regarding the reproductive rights of women living with HIV \[[@pone.0164887.ref034]\].

Finally, it is crucial to have the involvement of WLHIV in the discussion of these and other issues related to their reproductive health. However, studies have indicated that the right and the possibility for WLHIV to choose from an entire range of contraceptive methods seem not yet to be endorsed by HIV-positive women themselves \[[@pone.0164887.ref034]\]. Thus, it is important to find ways to bring WLHIV to the core of the debate in order to reach a consensus on how to change standards and policies if we really want to ensure the reproductive and sexual rights of women living with HIV.

Supporting Information {#sec016}
======================

###### Genih data file.

(XLSX)

###### 

Click here for additional data file.

The authors would like to thank Maria Cecilia Goi Porto Alves and Maria Mercedes Escuder for the sample design of the study, and Mitti Koyama for invaluable statistical advices. We also wish to thank all the women surveyed and the health institutions involved in the research.

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.

[^2]: **Conceptualization:** RMB AAP.**Formal analysis:** RMB.**Funding acquisition:** RMB.**Investigation:** RMB AAP.**Methodology:** RMB AAP.**Writing -- original draft:** RMB AAP CSC TGL.**Writing -- review & editing:** RMB AAP CSC TGL.
